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fte preltliMft 0f stprfttjyoc imm. iMriw la 
tterte me Itt-fwatig&titd* O«13JN1 
i»  ^I1jr«t inogklir' proiaei im  ^tlu^m tiMiii 
mai ia nM&mU.im:w Am »1mp£m nemvimg, rftiLm«>itS tmm 
•teMrSiBW sttiFBt® tetafaJQQr^ ftlw s@sflil. irasmlt Iji .ft Bwfw ISSIB%$2, 
ppsflwss sSaapiiJCy tiwi ysiiyuMMiSSw iratsSs proliliMi* 
s nl.'fesipj.Q iuiS>d BS2SS4SB •&€ riLWfttit 
itlibli.' a. anl.iMn'b aea.'feadLHlsei % tMiif 0ius4 •faptlM'tiirl.tihflMMBlisjh* 
akmI eWBt S0li'fBSS#»3S) Mi SteEdSjSde gmAli'totwaa .^ *4 .^ inif« 
©M^dUronS IsbsBTsSny IMIMi ssKtews f^toS!# SlMttlsSsdl ttcro^Urocwtii 
9m&lmmmpm% tmm mm m9A to ir«:ry:r'P'«iie^^  «qp>mr«%ii^  eoedi-
1^@B0« GOBSISWHI® VWM <@H9i ft plJtilS plSOS 8@'ft3jl WMTVt 
tuM td Itas  ^ pc>t«NSNi.s eaa 'Iw sQ@<i«8tifia^P  ^ mMd in ft 
&mMm&m pt&mmm m « mlMMm'ig- Isrgo 8@al»« 
Slit HdlSt iala«4t «ti>fl a£ %larS® aOCNKK'ft^ e »iwi.iM,||^ g* wiai4w 
ma IniM SOtobSBg® SOlfflBBe Zn 'Iteo flZ'S'S «Et$'Ss@'6l68 sisl'b tilt 
id.trft'to .selsll^ m .fl#>iti «#imt«re«inEi«[at to %1h> «id tiit 
tto0GPtiiB WW iix  ^tbd iiid'Wiit* 1& tois wit #s8#Bitl,83»2y lilK? 
wse @tt:Bt ot tins tte®dhmi vfts Isar solmiat iMittsz'' 
par ®«nl of tlM rwilm-SltS .3«ft liz t^ in U» m(&mm»a Btmrng  ^
rftffiaKto^ fb» wafiimim frm ^s »x4t mm m$m^ tAih emmnia^mitd 
-nl^ o mid ia m miMijrim itaalc.' fte offlitis^ . ftm W» t«a^ . hm 
t 
'•feia m8«d m • mmmni. m-Wmtttm wait. tli« pmv&m 
&f mm Bmmi tte lusid eactar«eti#a wt^ t» ifM' to 
m^fgAe fmA tm tte tteinR iGKlriHiMiia wit« 'fte @rgaitie 
fMi im til# sdl^ © mM extr«3tlm wA% mm' s®3.i>mt 
m. 'tbi»riipi MMi.» mid, Wm tMr# cKtr-ttetiina wit 
xwewid th@ '^ riw iwll a£'ls'i@ «eii twm Ite' atrsKt irm ^  -^settwt 
m^mU.mm, 'inw a i^emii product from the irtarip^Litg mM.% teas-
tsi«w4 'i|fir@adtet«lr' 3,11 p*«i» &i' ^mim pur lit«r aai mm Cl*l mmsH 
ia, '^ triet mMm  ^ 'Sijyi wm '»ttita)b3« tm t»»A to ft tborim 
fimerii# tft^ f m mm 'in 1ii«' ftwi Hmtftri*]. fmpmm* 
tlen Qm%mt at Wmm^M, QM,@» tli@ Mter @f stages flmr 
rslwi« fm tto vei-psnt «K'lni0li.M «wr« d@t®imis»d« 
'file pttH'OR'wffd $41 i^#£isAt#' twwi tte Mid eaEtreetS:®® 
m & m»iM 9f Zt 
ttet m» swim 
Jk pmUmimagf om% aaiflr#'!®' *«» mim for « piaat t@ pa-if^  iim 
t<m @f pir » t^b xi»s|Nitt to ftot' tetidl 
««i»«rsi#» @9st IM «istteit«Hi' t# b® ^m% 00 @«atii pit if 
tteim pwii«s#ii. 
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Staw -Ito- 'ittwat ®f iWto »wmw •&« tapwte!®! @i 
tterte te »ii«it 'teriw is m »mmm ®i 'te :O.Mi«w l^e 
is@tep» fflricBi.f»»t3l* fiw- ip«i Wi®rs%®iT &% tm» a-©ll®f0 
in ll» «€ rawliiX' p>«i«' i«%i«s«a 3.^ 11 
i»i Ifft T§m^m%im ®i tte mtt«l. ''S'I^h^- immmm€. iteat tmxr 
'talis  ^"fS.irgl.li wfeiSi pKi? tt9Ki^ « A% "bhe pr9s<iiat% %$mb prodiS)* 
hm 1mm as.iS,p»4 t© fwiA MRterial« WvrnffmtMm 0«»i«r at 
fvvmMf. 0M,®, 
pPSN^S^^ i 'W,% iffKS9 is<6^woi& its 
@x4.gj4is4 ©a^Hiisilgr &i s®vegrs5. -Qf pe^ toootii# 
dffi^ «r •&£ bmmm AM mUd in 
Flgtm  ^It t» flri% p-odatt ia tm mtvopttl 
&i Xt is %mA0 su ,^ .if iigasM «yL fiani 
i» Ite b9^f im « teaJLIA bamwi* fk» tmieilf turn 
te#a. disessseS ii& %hsi s$»emtiai:. S^NSSI XS&. •esMil^ tor&'fel.^  41HI 
«iMiif|f mlmmA iwm ^  etota,: pa- .il»tiit»p»iiti®a, in 
i^^ prisadym i^l^  MLM  ^«iwrgsr' relmmii, .{W ite» 
i»aAlip»ft6 4mw  ^ (h7)» 
^mrnrn MmstiM '^ M_Mmm$i'lm ©toliriya tli® %teriw «Ei*brate tatrif 
togrirft-tei,,^  IwrSaa i«(» .1* 'siM' to 'iWtei 
, Mto-at®. t»tjrah3rfl^ «t« *431 b@ 3f®f®»«4 U m "flf« to  ^
fwnSeAMp <if %M.s ittss'iHP^atltoi# 
k 
Th 
Ac 
Ra 
Rn 
Po 
Bi 
Pb 
Tl 
Th232 
1.4 X I0'°y 
Th228(R(jTh) 
r.9y 
a Ac228(MsTh2) 
 ^ 6.l3h 
iS 
a 
Ra228(,y4sjhj) 
6.7y 
/S Ra224(Thx) 
3.64 d 
a 
Rn220(Th) 
54.5s 
a 
' 
Po2'®(ThA) 
0.!6s 
Pb2'2{ThB) 
I0.6h 
Bi2'2(ThC) 
60.5m 
a{l/3) 
T|208(Thc") 
3.1m 
Po2'2(ThC') 
3xlO"^ s 
i3(2/3) 
Pb208(ThD) 
STABLE 
FIG.I - THORIUM DECAY CHAIN 
B 
« feas S»»il«*«ar ®?, i*s 
tm» ®f ri^ to t^is, 'Om r»Mm. kmtope them to mw ^ mk i»%® 
«» lAtfe & taiaf»life- #f 4.1 y««eB *^ 1fc»® ikti: Jam U^mmUw 
fir»t »%»*©« ttoriw i% W mmtml* 
wix. f®mm  ^ Wbm h«»mm 
tM' Mbm-umwf' wSj^  m® i«l«%iwlgr @M »f «ai 
' '^ em ttei M pr€w««8i»i a f«w w^slte 
!»#« -tt# fif«% ia tit® 1M® p»#©»A3r« ©f 
weiiUdtog wm  ^^mmm  ^Sf is a s«tiffli^ t^  iiol.mtl.Mi tfos 
pr^ blm <M3MiH9%i€ ]r'wi.um'-228. Jk% p^8$Bi% j^ wwmir* 
1# » mi w^mSmMS  ^ tons of W M m $m ©»!• t© ai* 
'ym^Brn if Sscflrt* Qf ixuszHiaswt SspwtsBSB# tills stSMSitpili# 
«ill 'Mm t@ I* p^»®fMii «at »» mm 'tfe® p»@tol» will 
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fte fi^ 0«a #f tlii' res i^trelt hmrnim wm® m followii 
1, f® detis® a »«ti»fiet®i^  f:®r «®par« i^® aM p«iiw-t2ft. 
(^i8 'irast 1 '^ -|>1.8S@4  ^ pNwi^ is. t® ^MI 
i® AS t9 tmmm iMmmv tmm in %lm mitAl 
psro46@tl.iW 6^piBS'S t^<S®ii * 
2« T# 481 idewls^pmst 8@ tlufet tte 9i^ t  ^swpKratifi® 
wdttli iMt &t « sinimR, 
|» fii <i«Mitttr«ti 'S«ti«rwteri%' « i«fiir«l4«ii m a pilot flant 
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 ^fillarnt# fasfl «s a merkme III)* Mt»t  ^^  feM54.wBjr 
tto' «@id fIw Um  ^%& presipitAti l^ bi 
e«n?i®r ultk ritiiiia-tt®. fh« siuriy ttea f41.'l«r®€ i^ romgli 
m. iRtiagar pr»d#«t prwiiswi fiit®!- and the #!«« ii.a®h«rg»i 
%4> tfc© #•«!.»• Selidyi ©©llaetiit. "rnvM be tot® (irw» 
im wast® Jmt few %Mm "dropping* 'wbiW to# i«BB if m% 
8f«fifl.ei» Jm fi«w «f ibe «Ktr«tte toxicity it wmM 
. Slews fiP iiit« '^ ^mn m tl^  @@iii«nt to bst «se4 in ^  s®pir4iti9» 
wmmm$ it %*t'm mmsmxy to i^ %i4n 8q\2ilil»nm ii«t« atiMKi]^  i^a 
Mwr&iyL mMwm  ^ in %m  ^ m. an imH w 
tewi*. ii!^  wsaiw# s f^ldjtiss 6@*ii@ri$ws  ^pne 
a«  ^  ^imi*' 'C i^it QrifalS'a  ^ ItHieit'iaMa mt m jMtltBWiWfe- Thuw- -mmmmmmliMd 
eipliliWilHB I*<if fht Ittwt 'VflSittaMs 3NI#ill^ ll@B 
f®r IM.8 «orSE nm pWi#ii®€  ^1. A. iwiaf. ^  j|» (it) ©f l«tt«ll« 
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mtrmtorg m%wm mt may ©tfetr pi«®« &i 
eiti'aS'M.ito ^Wiali3toente 
m 
U'hima  ^^ Hm ^ mA mM «imI 
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ftoi' of 4@ii' fi« fhoy|.»» 
SolrmU !©§• pir ®»8t 
iHO| fteim @oii^ tmtioii|, g/l 
ktipmmm A<smmm 
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Hn this stu  ^ ti3« on3jr nitric acid oonsidarad is Miat m 
HHO^« Althoikgh fM hgrdrolyates to giV9 nitric acid and tiKxtiMK 
ligrdroxida  ^ this acid is not signifioimt. At & thofiu® coi»pislr«tt®a 
of 120 ^asw per liter the nitric aaid present from bQrdro3|rsi« is 
«m3y O,0S» WMwai (f)# 
^N r^tNiwdised W ^  mmMlm mUM* fM.a mtM4 is dis««s»iNl im 
A« 
As sl^ wii ia Mmam % t'ws ® i^liferiiw ©anws .4aters«®t at 
W& griM tf |i^ '  ^ fOi»t to  ^
#fe((«rPii» 'toissf»r> is l^iiertfaf ®f %1m ewpifwi' «t wliat 
wMtM Tm raffm mlmut mtrmUm wait tm iskmrkm* 
ms' @$afr®ifpMtto  ^low i^SHriisn emmmWaM^w* ft .iUas f^tt«y « 
ill 
Mias im 'wmh m «rlrtteti.oti iKdt .Ittui 
p3,®ttei mm t* fhi# la o'pirating line {&} * 3;» wimt i&r mi 
«2etraiite» '^ m eonditions tb* i^ pi3r«nt »g«aie t# 
i^ flm tim i^rm %li@)ritm oxtro t^icei m'^  
M 'gmm M tbmrim per liter, m. tks smtmr of 
•t^ ^s Xf tta m iS sti^ s wmi prftsmtji »®st 9f ttei iwmM 
t Iji « *f inohed-in" r«gi«»i« fhi» rcgim wmM 
tw t#' #f tluS' ^aph if th« {|®iire»t f#i to tk» 
m^atmM.m «gdt .snmtadliied m tWti-m, On the etlix' li»wf»  ^
ai|MW pMm i® ia i4trit Mid t^tat -sqaiMtelm «w9«i or 
MLgk m0M mrmf i® msed aiMi m 'mwf tm stages n9«if»il to rm^am  ^
ite 'ttelw iia mffimt® m iasipEifi@mt 
^@pir«M.«g EiW' tm tiMt ®'is4|piQf «f tteriw tei IKImi'JUMI 
m &p&mU3Sg Mm (B). f®r 8M.9piiig t® tite ^mm tbt iii»i 
'Kttst Mm la^b&m- Hw •Qsiili%i«n Hue, 'fkS' -^aimi sffttet is  ^
s'lri^ ^g 'lysit iis t@ 'rmoW' nil ^  tte'l.w irm mtgmaiM *temm 
bftf'Wt. orgaxiic 9l^ iK toMie into Hkm mWmMm 
fM» 'WQ^e .^ wt }m fensi^  if &sv%m ©i»tidy»»t' ttamgb sUarl® «eid 
t0 imtm te to tetew  ^iiy r^ ««pililriiin evrw* 
Umih im t& g«t tipiMferiw @iirf» «>]ilirt%" "1^1  ^ r^ftMiii 
this thesis th« apparent organic to aqaeous ratio ia obtained 
)f d#iMidffiring the iiiimt feed rates of the two streams. At asgr f@i«tt 
tn m ioetractloii unit tbe actual ratio ma  ^ be qpite different, fids is 
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mtmrnSml^ the mf ia 
•a. arste <st 'W^$ m^t nitric acid#' tlusrinK tm& 
it van ^M»A %0 tii« 'problem in a imMM ^sif^ i to 
 ^MMRN rn fhis aaalyfiiig tto« MC^MT 
fr®» tte mm «d pilot plant »tri»moii mm* If 
iW8««i«iy # soimb oos i^l l^ n b» ia©li«i»i to tlMS» r«4i«a-ttS 
e«ae«Btr«M®«' la Vm p^ct from the- 8feri.fpii^ : 'SBit* 
, Ib M WD,% •Atiilpwl to «Ktr«fit -Ifcte 'tiwriw ii«ir fw» tto» 
rsadtm, the mMm wait appiMP -entirely ,i» ttoe. Worit' iom 
% tto® ieuiw QM'PMTMTIM (% u) » MMUM «€• risii.a»-2t^  ft'aw ppoe««» 
iwfess shst fw#lw*'22s m f<sp 
jr«idii »ii»h m H-lfi m CfcSI tliO'iWwi Iteli %pi  ^
icha -asff^ *»'^ awgg» isbsib t® $'sdiwl~226 ^hs 
i^iiprior of ft mmiM wm^^t t# rMiim»22i wliicnrfticMif ' 
•aiwtfyttdi mm wm tteoiigh eolu®ae of r«»'£a iM 
efflswbt ssblgm  ^fw yim> --ttwy^  
ttet « fl®» r*ti of 0.75 gallons |w aiaute ptr oafeit foot of fwita 'Nd 
gtm ®«ti«f80l»i7 tet tteir sjatm oMftaiMii m -mwrnm aM 
tmmm ism diffmreat imm riifflJwtc im 1M» 
.alltettgit » »%«#-' 'i^  tte raalum t^ti ««• -not itsiroilt 
•»a®ii wlswp-lii^ tt .ftaiie® mm mMi$a 'to-.!» 'atoli® t© -ajwi'wi at a iroiSjitnffiry 
ilfll iliHi iM irinf. J|| IMII <&I lKk.alk WifmiTlMfci^t lf« «f —I iitK'- -
€ns^ l.gli irolf 
FM »»®t4.«a .of r»ii.a»*fts"witlt M iripoiiw 'MMMAM M b® wrprosoalwt 
if fouowij^  MMMMN.  ^ *• :S;±- * MM' 'la ®ip»ti®a 
iOB wmlm to tto® egrol#,- Soasi^Kriffl® 
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pmm»4 nmm & Ml mwin* fhe htd 'hvS, & -Vi^ «GiM •&£ Hm 
99lt|« «t tte' stiBrt  ^the tost Mt pi^ M n^S. tito iimi 
mat' itatt %»l evaMneters. The 1M lieii^ t liiM &lmt -
MM ntfmpt' •mm 'wmi» to ctmtrcOL iim MIM  ^M 
ei '§•! jmp'' itetti* the effl^ at ixm mimm ms 
ndAoifi^  to WM  ^'tatt' ft ftsrlinder aM' ttMi wm mm3;srmi. 
im riiilM»SS If ttM» pr«8«niliii t» Ite 
fimAm ]|Ktr«et4m 
Wkaim it i^iM( Kii4i«Bt "tet wm  ^h»- m mUMfrntmesf m^vmt 
imt tte mgme'tMm ^  'Wmtim iitm mMm$ it mm rnmmmt^ t#' 
tte piP «i»t #JMit in the mlrm% mid «3«ra' to m 
<ii3»emt* Itetliir -CMt dQ ^pm nmt W''#.2it^ 4 wi'i^  
M-fm »*toi|tl«ae tor «xtr«oti£^ t^tioriim £mm m 
%hmim$ WW ««rtfew n^at® iwA pteaptete lim* C?) 9M& 
Si&l C t^)i "Wi4 fm t«it fBP im f|j»t i8l3QMr«*iwt^ £'8 
'1  ^0MPSM%» FMEIMM' n<wi«it» #iir» #«r^ * 
Slw« 1»@^ Boeytelii msA 19#4 Itts'lNiA iKlxK^attt^ «H;« %9 
FOM  ^ AWT'^ YYI^  %SMM§ «BI»T 'PV« « M3MM%0 MM»- MAA 
%mim #.9tritaiyy»n eoeffleients •mm wi « Jtatsttim @f 
ani W . fM "vwMmB fm wtim 
« t^«ljhii IM M MMMWGF'-WMMMRN 'f^ e teehuicpfee 
»iij|iiitif^  mi mtum^ '|tai« SO milli34lwm'' ®i t^sammt' iakmt m» 
mmlmt iH' in m nte^9®ttl«r imt'« pmel&i -tf em 
adm'^0 fbs Ma@Kr«setM«r Wm mm « 2^9«<«i3Hli.tffr' mpma^%mf 
twrneS. ttet ted 'tlui' tuf" m% tH**. 4£ltati<m vm Ir 'ft 
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S«i iMii'tlii® ttiw nwi &a  ^«e¥Wii|^  ei" f iw 
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MmmH^ iwm #0 »mm^ at IM* f •, t© 15i »pe®Bi» «* ?§* F* 
vli^  tto® idhsw s^xhibs psstsuteni mflsf # ifibssb  ^a 8s|s#sils ftfhmff %# 
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f&t ft flartt m ox^&nie %® ratie #f Hi 
hm 'tte sto s^hftsb s@l^ p@sl.'ll#as' @< s^bds'ts4» 1?bt 
is Ap|«iiii3i if mm pmaMiattti grifMiidlr la Fifnire 8, kw em 
1)9 |*9tsttl>  ^ "wis &0. %SSS^WT&OILB ®lct3p*@m.6ktt fflttls tl&'lh to 
' fflw '"iwaBHSaBl, -ilsslMRiS* fhis «## tlw 
qni.'&. isbq^asypb'd '©if^ i^ ts £IMA. 'te %fchi ©etero 
tod ab@lt% 'WSntX^  1,11 nttyie f^ M.4 lttll3s. IhS -WgSIllS Jtec4 VIHI 
LUTSEN imoaos. ifi ¥te aasaapsisfe pttlak wt# 
iwi ts ntus,-
psi* sdti^ at*'*' £% iff f« i^miitffM.ii|g; ^eww tost ttei vwlsws' sheuig#' 
is «<..|plfl.fii'k <M^y.|gk <1  ^ «^aM.fit lSEip@lfl6fat24  ^ pESBViwslgr* 
fhm a.p$ammk s^pkr&tii^ " mmg «hi^ rliii « flow 'rii-li.@ #f ?»lst ri«3ji^  <kii 
fff»1f#fel.<> %%% •'toi SltgiA AmSsSSS®. £W&K 
latftd ii|iiii»»miaigf iijm|^  eteaa s^f. tte plas'll* 
.A ®<B#@ffl4 Wtfl *®<IB t^iii^ ' -SB H^^SQpsaS 0i?^Si$dl@ te' 'i^ pw©$is 
x>*%lii 1  ^ flui tf 'ttMsii rnmlmiiiMmm &m Iw sdm im 
ri^HPt f» fte ipiiiii to wsmrakM M-iKl- mm mm mp^mm% fJUw'-ratt® «»& 
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FIG. 25- RADIOACTIVE DECAY OF THORIUM-232 PLUS THORIUM-228 
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